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Abstract 
As a kind of nondestructive testing technology, Acoustic Emission and 
Micro-seismic monitoring is a good tool to study the failure course of fragile material. 
They use acoustic wave or earthquake theory to detect the precursory characteristics 
of rock cracking before rock-burst, then evaluate and warn the potential rock-burst. 
Fujian section of North Wuyi Mountain tunnel has a total length of 1150m and depth 
of 664m~1100m, which belong to high crustal stress. Tunnel surrounding rock is 
monitored continuously by Acoustic Emission and Micro-seismic monitoring 
technology during construction. Study of Acoustic Emission characteristics of typical 
rock of the tunnel, granite and tuff, are carried out in laboratory in order to serve the 
pre-warning of dangerous in construction site. Acoustic Emission characteristics of 
the failure progress are used as reference frame in construction site. 
The typical rock specimen of north Wuyi tunnel, granite and tuff are tested under 
uniaxial loading in laboratory. Acoustic Emission parameters such as hits, energy， 
events, spatial distribution of events et al. are obtained under simple loading and 
incremental loading-unloading. The studies showed that hits，energy and events will 
increase suddenly at different percentage of stresses before rock specimen failure，
such character above can be used together as reference frame of construction site 
rock-burst warning. Felicity effect was further study by compare its energy 
characteristic before and after when the Felicity effect occur. It shows that the energy 
will release largely at previous loading cycle when the felicity effect occur, this 
suggest that Felicity effect is caused by change of rock property for the reason of large 
inner damage. Time series of Acoustic Emission obtained by laboratory test are 
divided into section by the percentage of stress or loading cycle, then the fractal 
features and its change rule are study according to the time series of Acoustic 
Emission parameter. The result shows that under simple loading，the energy series 
fractal dimension of granite before failure is 0.04 while tuff is 0.02，hits series fractal 
dimension of granite and tuff are 0.2 and 0.1 accordingly. Under cycle loading, energy 
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fracture and damage inside the rock specimen under the uniaxial loading are studied 
according to the change of the events of spatial distribution. Spatial fractal features of 
different stage are calculated by means of box-cover method. It shows that the spatial 
fractal dimension reach the minimum at rock failure point, the value of it is about 2.6. 
Key word： rock acoustic emission; cycle loading; spatial fractal dimension; Column 
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川藏公路二郎山隧道主洞长 4 176 m，最深 760 米，施工过程中发生近百次
岩爆活动，连续发生岩爆的洞段共有 8 段，岩爆总长度长达 1059m [4,5]。马金岭





行统计，发生岩爆段总长 2981m [7,8]。秦岭隧道长 18km，其中埋深超过 500m 的
隧洞有 9km 长，埋深最大处达到 1620m，开挖过程中，发生轻微岩爆 28 段（总
长度 1124m），发生中等岩爆有 11 段（总长度 650m），发生强烈岩爆有 4 段（总
长度 120m），且这些岩爆段的埋深都在 900m 以下[9]。Simplon 水工隧洞位于阿
尔卑斯山区，隧洞岩体埋深 2 200 m，施工过程中发生岩爆，岩爆随深度增加而
更强烈，且有规律，日本在修建清水隧洞过程中，在隧洞的埋深介于 1 010m 至
1 310 m 的深度段有岩爆发生，弹射的岩片尺寸从几厘米到几米都有，厚度介于 
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2 
制定必要的防治措施，从而保证安全高效施工。 
中铁二十四局集团福建铁路建设有限公司于 2010 年 4 月承建北武夷山隧道







































厦门大学硕士学位论文                                              第一章  绪论 














    1．国外研究进展 
Obert 在 20 世纪 30 年代就发现岩石具有声发射现象，而后在矿山矿体中运
用该技术进行稳定性监测及岩爆预警[11]。40 年代，Obert 和 Duvall 为了对矿山矿
体开采诱发岩爆进行更好的预测，在室内开展了岩石声发射试验[12]。 
50 年代，德国金属物理学家 J. Kaiser[13]将金属材料受力破坏过程与声发射现象
结合起来研究，发现众多合金以及金属在受力破坏过程中都存在有声发射现象，
且材料形变声发射过程中具有不可逆特性，这一不可逆现象在后来被科学家们称
之为 Kaiser 效应。随后 Goodman 在对多种岩性岩石试样重复加载研究中发现，
岩石类材料同样也具有 Kaiser 效应[14]。自那时开始，声发射技术的研究在民用
工程、金属加工、材料试验等许多行业得到广泛的开展[15]。 
20 世纪 50 年代末期，美国学者对声发射技术进行了较多的研究。Schofield[16]
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4 
获得可靠及较高精度的定位效果[23]。Lockner、Nishizawa 和 Masuda 等学者运用
更加先进的方法进行了声发射源定位试验，但定位效果都没有 Mogi 之前做的好
[12]。 
80 年代，一些日本学者开展一系列室内试验对岩石 Kaiser 效应进行研究。
其中有 Yoshikawa 在考虑水和温度影响条件下，采用新的加载循环方式，在 Kaiser
效应不明显的条件下对初始地应力进行初步判定[24]，而后又在重复加载条件下














质性导致的[36]。Ganne 等研究了岩石材料脆性破坏过程中，能量累积的 4 个阶段
变化特性[37]。 
2．国内研究进展 
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